The central nervous system and peripheral nerves are guarded against free access from the outside by the blood-brain, blood-cerebrospinal fluid and blood-nerve barriers. The glucose transporter GLUT1 mediates the specific transfer of glucose across these barriers while GLUT3 is a high-affinity isoform of Type I glucose transporter expressed mostly in neurons where it is believed to be the main glucose transporter isoform. As for a long time it was an open question whether, GLUT1 and GLUT3 are present in the olfactory system, the aim of the present study was to give answers to these questions. In the study mucous membranes of the olfactory region of 20 male Wistar rats were studied by double immunofluorescence labeling. As the result of the study, the immunolocalization of glucose transporters GLUT1 in the endothelial cells of the olfactory mucosa and GLUT3 expression in olfactory receptor neurons were detected.
INTRODUCTION
Glucose transporters are the membrane proteins that serve in the transfer of sugars across the cellular membranes [1, 2, 11, 12] . Two types of glucose transporters have been identified: the SGLT family and the GLUT family. SGLT glucose transporters are sodium-dependent active transporters serving in the concentrative transport of sugars in the small intestine and the kidney. GLUT glucose transporters are the passive facilitated-diffusion transporters that trans-port sugars according to their concentration gradient. Previously it has been shown that GLUT1, an isoform of the GLUT family, is abundant in the cells of blood -tissue barriers [10, 13] . The importance of GLUT1 was made evident by a mutation of GLUT1 that was shown to be responsible for seizures due to the decrease of the glucose level in the cerebrospinal fluid caused by defective glucose transport across the blood -brain barrier [9] .
The olfactory system is a unique extension of the central nervous system as the sensory cells of the olfactory system, olfactory receptor neurons are embedded in the olfactory epithelium of the nasal mucosa, and protrude their dendrites to the lumen (3) (4) (5) . Protein gene product 9.5 (PGP 9.5) is a useful marker for various types of neurons [14] . To clarify the olfactory mucosa antisera to tubulin and PGP 9.5 were used.
MATERIAL AND METHODS
In the experiment mucous membranes of the olfactory region of 20 four weeks old male Wistar rats were studied by double immunofluorescence labeling. Specimens were fixed with 1-3% paraformaldehyde in phosphate-buffered saline (PBS) at 4˚C for 3-24 h; thereafter washed with PBS, infused with 20% sucrose in 0,1 M sodium phosphate buffer, frozen in liquid nitrogen, and stored at -80˚C until use. Cryostat sections, 4-8 μm thick, were cut and mounted on the glass slides coated with poly-L-lysine. Double-immunofluorescence labeling was carried out as described previously (Takata et al. 1990 ). Rabbit anti-GLUT1, guinea pig anti-GLUT1 (raised by K. Takata, Gunma University, Japan), rabbit anti-chicken tubulin (from S. J. Singer, University of California at San Diego), rabbit anti-GLUT3 and mouse anti-PGP 9.5 served as primary antibodies. Fluorescein isothiocyanate-labeled donkey antiguinea pig immunoglobulin G (IgG), dichlorotriazinyl amino fluorescein-labeled and rhodamine red X-labeled donkey anti-rabbit IgG, and Cy3-labeled donkey anti-mouse IgG were used as secondary antibodies (Jackson Immunoresearch, West Grove, PA). Nuclei of the cells were counterstained with 4',6-diamidino-2-phenylindole (DAPI). Specimens were sequentially incubated with a mixture of the primary antibodies raised in different animal species, then with a mixture of fluorescence-labeled species-specific secondary antibodies. Immunolabeled samples were examined with AX-70 epifluorescence microscope (Olympus, Tokyo, Japan).
RESULTS
The studies indicated the abundant presence of GLUT1 in the endothelial cells of olfactory mucosa while the cells of the olfactory epithelium were positive for PGP 9.5 ( Figure 1) . The upper cells of olfactory epithelium (cellulae neurosensoriae olfactoriae) stained srongly positive for GLUT3 (Figure 2 ). Antitubulin antibody strongly stained the apices of the olfactory epithelial cells as well as nerve fiber bundles emanating from the epithelium (Figures 3-4) .
DISCUSSION AND CONCLUSIONS
The glucose transporter GLUT1 mediates the specific transfer of glucose across blood-brain, blood-cerebrospinal fluid and blood-nerve barrier barriers [11, 12] .
The delivery of glucose from the blood to the brain involves its passage across the endothelial cells of the blood-brain barrier, which is mediated by the facilitative glucose transporter protein 1 and then across the neural cell membranes, which is mediated by GLUT 3 [6] . By Mantych et al. [8] it has been proved that the prominent localization of GLUT3 to mature neuronal processes suggests an essential role for this transporter in regulating fuel requirements for dendritic and axonal traffic, thereby mediating neurotransmission. However the question whether GLUT1 and GLUT3 are present in the olfactory system as well has been under discussion. GLUT1 and occludin may serve as a part of the machinery for the specific transfer of glucose in the olfactory system while preventing the non-specific entry of substances [7] .
Our investigations showed the immunolocalization of glucose transporters GLUT1 in the endothelial cells of olfactory mucosa and GLUT3 expressing primarily in olfactory receptor neurons indicating to the pathway of glucose to cross the blood-brain barrier and enter neurons. The results also tshowed that tubulin acts as a marker for the nerve fibers in the olfactory mucosa and PGP9.5 serves as a marker both for the olfactory epithelium and nerve fibers. Immunofluorescence localization of tubulin and GLUT1 in the olfactory mucosa. The nerve fiber bundles emanating from the epithelium stained positive for tubulin while GLUT1 is localizing in the nerve fiber sheets and in the endothelial cells of the surrounding blood vessels.
